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Abstract 

We present a composite model that is based on non-perturbative effects of = 1 
super symmetric SU{Nc) gauge theory with Nj = Nc + 1 flavors. In this model, we 
consider Nc = 7, where all matter fields in the supersymmetric standard model, that 
is, quarks, leptons and Higgs particles are bound states of preons and anti-preons. 
When SU {7)h hyper-color coupling becomes strong, Yukawa couplings of quarks and 
leptons are generated dynamically. We show one generation model at first, and next 
we show models of three generations. 
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1 Introduction 



The origin of Yukawa couplings is one of the greatest mystery in the Standard Model 
(SM). This situation is not changed in the supersymmetric standard model (SSM). A search 
for the origin of the Yukawa couplings might show us the way to get at the origin of the 
masses and the Kobayashi-Maskawa (KM) flavor mixing matrix 

There has been an idea that quarks and leptons may be composite particles and Yukawa 
terms are induced by gauge dynamics. We revive this idea using supersymmetric QCD. 
According to the recent progress of = 1 supersymmetric SU{Nc) with Nf = Nc + 1 
gauge theories p|, ^ the non-perturbative effects induce the superpotential 

^dyn = (bMB - det m) . (1.1) 



In this case, the moduli space is not changed by quantum corrections. This superpotential 
might suggest the possibihty that matter fields are composite states and Yukawa couplings 
emerge from the strong dynamics when baryon (anti-baryon) states are regarded as quarks 
and leptons and Higgs particles regard as meson states. 

Recently, many authors have considered various models in which SSM particles are 
composed from more elementary particles and Yukawa couplings are induced strong gauge 
dynamics eq.(0]) i i |, i |] . 

In ref.0], right-handed down quarks Dn and SU{2)l doublet leptons II are elementary 
and the other particles are composite. The Yukawa coupling of the top quark is induced by 



strong gauge dynamics eq. (|T]T|) and this explains the reason why the Yukawa coupling of top 
quark (Yt) is of 0(1). On the other hand, the Yukawa couplings of bottom quark (Yj,) can 
not be derived by the strong gauge dynamics eq. (P-.l|). is put in tree level superpotential 
by the hand, thus the Yb is suppressed of 0(A/M) at the confinement phase. It can 
naturally explain that the Yf, becomes smaller than 0(1). In ref.|^], all quarks and leptons 
are composite states of the some elementary particles. Yukawa couplings of leptons are 
induced by non-perturbative effects eq.( [L.l|) . However, it does not follow one philosophy 
that contains a big problem, that is, the Yukawa couplings of the quarks are not induced 
from eq.( p..l|) . 

In this article, we present a composite model in which all Yukawa couplings in the 
SSM are induced dynamically. All quarks, leptons and the Higgs particles are confining 
states of preons and anti-preons. The Yukawa couplings of ordinary quarks and leptons 
are induced from the strong gauge dynamics eq. ( |1.1| ). Thus this model might suggest the 
answer of the mystery of the origin of the Yukawa couplings. The anomalies in this model 
are just the same as the SM as shown later. From now on, we assume the supersymmetry 
(SUSY) breaking will occurred at low energy. And we consider the supersymmetric model 
which is suitable above the SUSY breaking scale. In this model, there are some unwanted 
massless fields. We should consider the mechanism to generate their masses which does 
not contradict experiments. 
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This article is organized as follows. In section 0, we will focus on a model with one 
generation, and we will discuss the properties of this model. In section ^ we will try to 
construct more realistic scenario, three generation model. Section ^ will be devoted to 
summary and discussion. 

2 One Generation Model 

Preon Fields 

At first, we focus on a model with only one generation. Where quarks and leptons are 
confining states of preons and anti-preons. We introduce new gauge group " hyper-color" 
SU{7)h in addition to the standard gauge group. At low energy, the gauge coupling of 
SU{7)h becomes strong, preons and anti-preons confine and Yukawa couplings are dy- 
namically generated by the non-perturbative effects of SU{7)h- We consider the gauge 
group 

SU{7)h X SU{3)c X SU{2)l x U{l)y x [[/(l)^ x f/(l)z.], (2.1) 

where SU{3)c x SU{2)l x f/(l)y is the ordinary standard model gauge group, and U{1)b 
and U{1)l are baryon and lepton number global symmetries, respectively. Under the gauge 
group eq. (|2.1| ), preon and anti-preon fields transform as shown in table ( p?TD 





SU{7)h 


5f/(3)c 


SU{2)l 


U{l)y 


U{1)b 


U{1)l 




□ 


□* 


□ 


-1/3 


-1/21 


2/7 


Pi 


□ 


1 


□ 


1 


2/7 


-5/7 


Pv 


□* 


□ 


1 


4/3 


1/21 


-2/7 


Pd 


□* 


□ 


1 


-2/3 


1/21 


-2/7 


Pn 


□* 


1 


1 





-2/7 


5/7 


Pe 


□* 


1 


1 


-2 


-2/7 


5/7 



Table 2.1: Representation of the preons and anti-preons for the relevant gauge group. 

where □(□*) denote the fundamental (anti-fundamental) representation of the gauge group. 
Assuming that the SM gauge couplings are weaker than the hyper-color couplings, this 
theory is regarded as SU{7)h supersymmetric QCD with 8 flavors. 

Bellow the SU{7)h confinement scale A, composite states of "baryon" and "anti-baryon" 
appear as table(PT^), and states of composite "meson" appear as table (PTS]). 

In addition to the ordinary one generation quarks and leptons in the SSM {Q, U, D, i 
and E), there exist right-handed neutrino (iV) and two set of the Higgs doublet ($„, 
and 0u, ^d), color octet fields (Gu and Gd) and two sets of the leptoquarks {X, X and 
Y, Y) as the SU{7)h "meson". This model also predicts the existences of right-handed 
neutrino (iV), two set of the Higgs doublet ($u, <l>d and 0u, <t>A)- 
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SU{7)h 


SU{?,)c 


SU{2)l 


U{1)y 


U{1)b 


U{1)l 


baryon (xl/A^) 


Q 


1 


□ 


□ 


1/3 


1/3 





p5 p2 
Q-* ^ 


I 


1 


1 


□ 


-1 





1 


^^^^ 


u 


1 


□* 


1 


-4/3 


-1/3 







D 


1 


□* 


1 


2/3 


-1/3 







N 


1 


1 


1 








-1 


i^^i^^i^E 


E 


1 


1 


1 


2 





-1 


p3 p3 p 



Table 2.2: Transformation of "baryon" and "anti-baryon" under relevant gauge group 





SU{7)h 


SU{3)c 


SU{2)l 


U{l)y 


mB 




meson (xl/A) 




1 


1 


□ 


1 








PqPv 




1 


1 


□ 


-1 








PqPd 




1 


Ad. 


□ 


1 








PqPv 


Ga 


1 


Ad. 


□ 


-1 








PqPd 


X 


1 


□* 


□ 


-1/3 


-1/3 


1 


PqPn 


X 


1 


□ 


□ 


1/3 


1/3 


-1 


PiPD 


Y 


1 


□* 


□ 


-7/3 


-1/3 


1 


PqPe 


Y 


1 


□ 


□ 


7/3 


1/3 


-1 


PiPv 




1 


1 


□ 


1 








PeP^ 


0d 


1 


1 


□ 


-1 








PipE 



Table 2.3: Transformation of "meson" under relevant gauge group 



Bellow the confinement scale A, quarks, leptons and Higgs particles appear as "baryon 
(anti-baryon)" and "meson", respectively. The dynamical superpotential eg. ( |1.1| ) becomes 

W^dyn = yuU{K + ^n)Q + ydD{^d + ^d)Q 

+ynN{^u + ^u)i + VeEi^d + 0d)^ 

+auUGuQ + adDGdQ 

+I3JJYI + l3dDXl + pnNXQ + peEYQ 

—determinant, (2-2) 

where determinant denotes 8 powers interactions of composite meson fields. And all of co- 
efficient, Vd, Vn, He, ctu, ctd, Pu, Pd, Pn and Pd, are of 0(1) and equal if SU (3)c x SU (2)^ x 
U{1)y is absent. Above the SU{7)h confinement scale A, this model do not have any 
Yukawa couplings, however when the SU{7)h gauge couphng becomes strong, all Yukawa 
couplings in the SSM emerge from the confining dynamics. 

Anomalies and Property 
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In this model anomalies are absent except those of 



SU\2)l X U{1)b+l. U\1)y X U{1)b+l. (2.3) 

These anomalies are the exactly same as those of the SSMQ. 

If we combine (Py and Pq) and (Pn and Pg) into SU{2)fi doublet, this model can be 
embedded into a Left-Right symmetric model. And, if preon fields (Pq and Pe) and anti- 
preon fields (Py, Pd, Pe and Pn) are combined into S'f/(4) x SU{2)l x SU{2)r fields, this 
model can be extended to the model with Pati-Salam type gauge symmetry. ||TT|. 



Higher order interaction 

The Yukawa interaction eq.( p.2|) does not give masses to color octet fields and Gd, 
leptoquarks X, X, Y and F, and Higgs particles $d, 5>u, 0d and 0u- Thus, we must consider 
the mechanism to generate their masses. For this, we introduce 4 dimensional higher 
order operators in the tree level superpotential. The general gauge invariant dimension 4 
operators are 

Ti/ Pq.Pq.PvPD . PiPiPePn , PqPePuPn , PqPtPvP^, ,^ 
Wtree = 9g ^ + 9, ^ + 9. + 9y ^ , (2-4) 

where M is a mass parameter and we assume that coefficient ^f^, qg-, 9x and Qy are of 0(1). 
Bellow the energy scale A, eq.(p.4|) becomes 



Wtr{{ = migcG^Gd + 9G^n^d + ^/.^u^d + 9xXX + c/^0u$d + 9yYY + 9y^n(l)d), (2.5) 
where mass parameter m define as 

A^ 

- - M- (2.6) 

Therefore, leptoquarks and color-octet particles have mass of 0{m). The mass matrix of 
Higgs particles becomes 

V / \ mgy mgc J \ J 

If gi_igG — 9x9y, one of the Higgs masses become small. 

3 Three Generation Model 

Now, let us try to extend a previous model to the three generation model. We may 
consider following three possibilities: 



*The former one is consider to be useful for electro-weak baryogenesis |10 . 
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i) Family Symmetry 

We add the global family symmetry SU{3)f to eg. ( p.l| ). We adapt the gauge symmetry, 
SU{23)h X SU{3)c X SU{2)l x f/(l)y x [SU{3)f x U{1)b x U{1)l]. 

Under the gauge symmetry preons and anti-preons transform as table (|A.1|) . Baryon 
(anti-baryon) states are fundamental (anti-fundamental) representation of the family sym- 
metry SU{3)f (see table (|A.2|) ). It is worth noting that SU{3)f octet "meson" fields are 



added to the one generation model (see table( |Al3D ). Bellow the composite scale A, dynam- 
ically induced superpotential eg. ( |1.1|) is generated: 



where 



Way^ = W--/^' + WS^:\ (3.1) 



+y^,N{^l + ^l)i + y,^E{% + ^l)i 
+auiUGlQ + adiDGlQ 

+l3uiUYH + PdiDXH + PniNX'Q + f5eiEY'Q, (3.2) 



and 



W^dyT = yu,U{^l + <Pl)Q + y,,D{^l + <Pl)Q 
+y„8iV(<l° + 0°)£ + y,^E{^°, + 0S)£ 

+Pu8UY''e + f3dsDX°i + (3n^NX°Q + f3,^EY°Q. (3.3) 

Here we neglect the determinant term for mesons. All coefficient are considered be of 0(1), 
and suffix of the particles "s" and "o" denote the singlet and the octet representation of 
the SU (3) F family symmetry, respectively. 

This model has the family symmetry which is troublesome. For example, flavor changing 
neutral current (FCNC) exists. Also Nambu-Goldstone (NG) bosons appears when family 
symmetry is broken. When the global family symmetry is spontaneously broken, many 
massless NG bosons appear. We need to consider how to break the flavor symmetry to 
make realistic scenario. 

a) Three Copies of One Generation 

The second way is to consider three copies of one generation model. The gauge group is 
extended to, SU{7)h, x SU{7)h, x ^^7(7)^^3 x SU{3)c x SU{2)l x U{1)y x [U{1)b x U{1)l x 
Zg], where three SU{7)h^ are "hyper-color" gauge groups, by which dynamics preons and 
anti-preons of each generation are confined. Bellow the confinement scale of the all hyper- 
color dynamics, the composite fields appear as shown in table( [Al5D and table(^]6D, and 
the superpotential is derived by the non-perturbative effects as 

3 
a=l 
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+ yeaEai^d + ^d)Ja} , (3.4) 

This model predicts that each generation has two sets of the Higgs doublets, and the 
Yukawa couplings of the first, the second and the third generations are of the 0(1). Since 
M^dyn, eq.( p.4|) does not include flavor mixing interactions, we introduce the higher dimen- 
sional operators in the tree level superpotential. 



^tree = E {^." ^ ( ''^^^ ("^^ + ^u)kQ, + 4, (- ) A (^d + 0d).Q, 
i,j,k=l 

yUj^y'^^i^- + ^-)^^^ + ?/r,fc(^)''^.(*d + 0d)fe^,} (3.5) 

in order to obtain the KM matrix. Where y^^^^ = a|^;,A^AfcA^/A^^ {(^tjk — and Aj is 

the confinement scale of SU{7)Hi- The Zg symmetry is introduce in order to avoid large 
FCNC Here preons and anti-preons are assigned to have charge 

Pi : 1, P2 : 3, P3 : 5, 

Pi: 6, P2:5, P3 : 4, (3.6) 

under the Zg symmetry. Here Pi (Pi) is denote i th generation preons (anti-preons) (see 
table( [70D ). Texture of the Yukawa couplings are 



■^u,d,e,n 



f 0{1] 



\ 



-13 



0(1) 



-13 



(3.7) 



0(1) ; 



in the flavor space, where e ~ — . 

M 

The (1,2), (1,3), (3, 1) and (3,2) elements of all Yukawa coupling matrices vanish be- 
cause of Zg symmetry. Eg. ([31^ ) is the texture of the Yukawa couplings and not the mass 
matrices. It is necessary to determine the SUSY breaking terms to deduce the VEV's of 
Higgs particles in each generation. 



Hi) 2-1 Generation 

The last one is that only third generation and Higgs particles to be composite, and 
quarks and leptons of the first and the second generations are elementally particles. This 
model include two set of Higgs doublets, which is different from models i) and ii). As for 
the first and the second generations, the quarks and leptons are singlet of the SU{7)h- On 
the other hand, the preons and anti-preons of the third generation that have an opposite 
charge of the first and the second generations for the SM charge confine to be composite 
states. Fields with an opposite charge, so-called "anti-generation(miller field)" , is naturally 
included in the String Inspired Model |T2|. 
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When SU{7)h gauge coupling becomes strong, dynamical superpotential eq.( p.2|) are 
induced. Only the Yukawa couplings of third generations are induced. Thus, at the tree 
level we should introduce the Yukawa couplings of the first and second generations, and the 
eq.(|2.4|) gives masses of Higgs particles, leptoquarks and color-octet Higgs. We introduce 
the tree level superpotential as 



Wtree = VuU 



u^i U 1j + Vddi 



M 



M 



1j 



, i3- (PqP^ + PiP^)PQPi , i3i (PqPt) + PePE)PQPf 
+yu j^, + j^, 



, 3j PyPpPEPf^jPQPv + -P^-Pn) aj pDpupEpNlpQpb + P^Pe) 
-rVu Qj + Vd ij^ Qj 



M 



h ^ SJe^t ''J 



, i3- (pQpU + PlP^)PQPt , i3_ (pQpb + PlPE)PqPl 

+yn ni — + Ve ei ^ 



M7 



+9g 



PuPdPe(PqPu + P^Pn) , 3jPdPuPn(PqPd + p£pE 



PqPqPvPd , ^ PiPiP^P^ I ^ PqPiPdPn , ^ PqP^PuPe 



M 



M ^^"^ M 



M7 

+ 9y- 



M 



where Wj, (ij, g^, e^, fii and are SU{7)h singlet up-part, down-part, doublet quark, charged 
lepton, neutral lepton and doublet lepton of i th generation = 1,2), respectively. M 
is the arbitrary mass scale of this model. 

Bellow the confinement scale A, the effective superpotential W^^-^-^^ becomes 

+y'Jed^{^A + 0d)gi + yfe'^dii^d + 0d)Q + Va^e'^Di^d + ^d)qj 

+y'Jeei{^A + Mj + yfe'^H^d + ^d)i + yl^e'^E{^d + ^d)lj 
+au^euiGuqj + Uu'^e^UiG^Q + aJ^e'^UGuqj 
+ad^ ediG^qj + aa^e'^diG^Q + a/^e'^DG^qj 
+yuU{^u + ^u)Q + ydD{^d + ^d)Q 

+auUG^Q + adDGdQ 

+PuUYi + PdDXi + pnNXQ + peEYQ 
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+m{gGG^GA + gc^u^d + g^^Md + QxXX + g^(p^^A + gyYY + ^2,$u0d) 
—determinant of mesons, (3-9) 



A A2 - - - - 

where e = — and m = —. When $u + 0u and $d + 4>d have vacuum expectation values 

(VEVs), mass matrices in the flavor space become 



^u,d,e,n 



e e e 
e e 



(3.10) 



where each element of mass matrices has coefficient y^l ^ (i, j = 1 ~ 3 and a = u,d, n, e). 



Now let us consider the phenomenology. We set the confinement scale at A ~ 0(10^'') 
GeV because the 0(1) Yukawa coupling of third generations can be realized in SO{10) 
GUT model |l^. We consider M as the Plank scale, then, it becomes e ~ O(10~^), and 
m can be estimated: 



A2 

m ~ — ~ 10 
M 



16 



GeV. 



(3.11) 



Therefore leptoquark X,X,Y and Y and SU{3)c octet fields Gd, Gu have large mass of 
0{m). However, masses of each element of the Higgs mass matrix, eq.( |2.7|) , are also of 
0{m). In order to obtain the realistic /x-term of 0{Mz), we have to fine tune couplings 
of eq.(p.5D. For example, when we fine tune the gfj,gG = QxQy in eq.(|2.7|), the determinant 
of the eq.(|2.7|) becomes to be zero. In this case, by introducing another gauge group, we 



could obtain the suitable /i-term [14] 



When Yukawa couplings of the third generation are united at the confinement scale 
A ~ 10^^ GeV Q. 

yb^Vr^yt^ yn, (3.12) 

the relationships between the Yukawa couplings of the third generation become 

1/6 ~ 3?/^ ~ ?/i ~ 3?/„ (3.13) 

at the weak scale O(M^), where we tune the value of tan (3 to obtain the difference between 
the top quark and bottom quark mass. In this case, however, Ut becomes heavy because 

Tj/b, Ut, yt and Un are Yukawa coupling of the b quark, r lepton, t quark and Vr, respectively 
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neutrino and top quark couple the same Higgs particles and there is the relation eq. (|3.13| ). 
Mass of the neutrino (m^) become about 1/3 of the top mass, that is 



60 GeV. 



(3.14) 



It is not in agreement with the nature. Thus, we must introduce a Majorana type mass 
matrix for the right handed neutrinos. Mass of neutrino becomes small by the See-Saw 
mechanism |]15| and the mass of z/^ does not contradict then experiments. We introduce 
new elementary gauge singlet fields S with —2 lepton number. We also add discrete Z3 
symmetry, and we assign for the neutrinos and singlet S as 



23(^^1) 



MS) 



(3.15) 



where rij is i th generation neutrino. The other elementary particles do not have this 
discrete Z3 charge. Thus, the new additional superpotential is 



(3.16) 



Then the mass matrix of right-hand neutrino becomes 



N 



(so \ 

Se^ 
y y 



(3.17) 



When the singlet particle S has vacuum expectation value < S >~ 10^^ GeV, all neutrino 
mass become light enough to be consistent with experiments. 



4 Summary 

We present a composite model that is based on non-perturbative effects of = 1 su- 
persymmetric SU{Nc) gauge theory with Nf = Nq + 1 flavors. In this model, we consider 
Nc = 7, where all particles in the SSM are composite states of elementary preons and anti- 
preons. When SU{7)h hyper-color gauge couplings become strong, preons and anti-preons 
are confined to be quarks, leptons and Higgs particles. At the same time, Yukawa interac- 
tions in the SSM emerge from the non-perturbative dynamics of the SU{7)h hyper-color. 

At first, we consider one generation model. This model predicts the existence of two 
sets of Higgs doublets. However, unwanted massless fields also appear, which are lepto- 
quarks and color-octet particles. We introduce 4 dimensional higher order operators in the 
superpotential to generate the masses of these unwanted particles. 

We then generalize a model to three generations in three ways. In the model i), we 
introduce global family symmetry SU{3)f- In this model, many Higgs particles are induced 
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by the strong gauge dynamics. Especially, this model include octet Higgs particles of the 
SU{3)f family symmetry. Therefor, it is necessary to think about more complex and 
newer scenario to make this model more realistic. In Model ii), we introduce three sets 
of hyper-color gauge symmetry which confine each generations. This model predicts that 
each generation has two sets of the Higgs doublets, and the Yukawa couplings of the all 
generations are of 0(1). Since flavor mixing matrix is not induced by the gauge dynamics, 
we introduce tree level the higher dimensional operators. At this time we introduce the Zg 
symmetry in order to avoid large FCNC In model in), the first and the second generations 
are hyper-color singlet elementary particles and only third generations and Higgs Particles 
are composite states of the preons and anti-preons. We should adjust confinement scale 
to 10^^ GeV because the all Yukawa couplings of the third generation are of 0(1). Then, 
we have to fine tune the couplings in the eg. ( |3.7| ) to obtain a realistic /i-term. And we 
introduce the new elementary gauge singlet fields S in order to obtain small masses of 
neutrinos. 

In this article we have suggested one of the possibilities for the origin of Yukawa coupling. 
Further work is necessary to understand to determine the mechanism of SUSY breaking and 
the electroweak symmetry breaking in order to discuss the mass matrices and flavor mixing. 
We hope that these models should shed some light on the origin of Yukawa couplings. 
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A Gauge representations of the each three generation 
model 





SU{23)h 


SU{S)c 


SU{2)l 


Uil)Y 


U{1)f 


U{1)b 


U{1)l 




□ 


□* 


□ 


-1/3 


□ 


-5/69 


6/23 


Pt 


□ 


1 


□ 


1 


□ 


6/23 


-7/23 


Pv 


□ * 


□ 


1 


4/3 


□ * 


5/69 


-6/23 


Pd 


□* 


□ 


1 


-2/3 


□ * 


5/69 


-6/23 


Pn 


□ * 


1 


1 





□ * 


-6/23 


7/23 


Pe 


□ * 


1 


1 


-2 


□* 


-6/23 


7/23 



Table A.l: Preon and anti-preon fields in Model i) 





SU(23)h 


SU{3)c 


SU{2)l 


U{1)y 


5/7(3)f 


Uil)B 


Uil)L 


baryon states (xl/A^^) 


Q 
I 


1 
1 


□ 
1 


□ 
□ 


1/3 
-1 


1 
1 


1/3 





1 


pl7p6 

p^'P! 


u 

D 

N 
E 


1 
1 
1 
1 


□* 
□ * 

1 

1 


1 

1 
1 
1 


-4/3 

2/3 

2 


1 

1 
1 
1 


-1/3 

-1/3 








-1 
-1 


p8 p9 p3 p3 

p9 p8 p3 p3 
^U^D-^E^N 
p9 p9 p3 p2 
U-* D-^E^N 
p9 p9 p2 p3 



Table A. 2: "Baryon" and "anti-baryon" fields in Model i) 
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SU{7)h 


SU{3)c 


SU{2)l 


U{1)y 


SU{3)f 




U{1)l 


meson states ( x 1 /A) 


u 


1 


1 


□ 


1 


1 








PqPv 


$^ 


1 


1 


□ 


-1 


1 












1 


Ad 


□ 


1 


1 








PqPv 


G| 


1 


Ad 


□ 


-1 


1 








PqPd 




1 


□* 


n 


-1/3 


1 


-1/3 


1 


PqPn 




1 


□ 


□ 


1/3 


1 


1/3 


-1 


PePu 




1 


□* 


□ 


-7/3 


1 


-1/3 


1 


PqPe 




1 


□ 


□ 


7/3 


1 


1/3 


-1 


PfPu 




1 


1 


□ 


1 


1 








PfpN 




1 


1 


□ 


-1 


1 








PepE 




1 


1 


□ 


1 


Ad 








PqPv 


*d 


1 


1 


□ 


-1 


Ad 








PqPd 




1 


Ad 


□ 


1 


Ad 








PqPv 




1 


Ad 


□ 


-1 


Ad 








PqPu 


X° 


1 


□ * 


□ 


-1/3 


Ad 


-1/3 


1 


PqPn 


x° 


1 


□ 


□ 


1/3 


Ad 


1/3 


-1 


PePu 


Y° 


1 


□ * 


□ 


-7/3 


Ad 


-1/3 


1 


PqPe 


Y° 


1 


□ 


□ 


7/3 


Ad 


1/3 


-1 


PtPv 


ru 


1 


1 


□ 


1 


Ad 








PeP^ 


^d 


1 


1 


□ 


-1 


Ad 








PePE 



Table A.3: "Meson" fields in Model i) 





SU{J)h^ 




SU{7)h, 


SU{Z)c 


SU{2)l 


U{1)y 


U{1)b 


U{1)l 


Zs 


Pqi 


□ 


1 


1 


□ * 


□ 


-1/3 


-1/21 


2/7 


1 


Pn 


□ 


1 


1 


1 


□ 


1 


2/7 


-5/7 


1 


Pvi 


□* 


1 


1 


□ 


1 


4/3 


1/21 


-2/7 


6 


Pdi 


□* 


1 


1 


□ 


1 


-2/3 


1/21 


-2/7 


6 


Pm 


□* 


1 


1 


1 


1 





-2/7 


5/7 


6 


Pei 


□* 


1 


1 


1 


1 


-2 


-2/7 


5/7 


6 


Pq2 


1 


□ 


1 


□ * 


□ 


-1/3 


-1/21 


2/7 


3 


Pe2 


1 


□ 


1 


1 


□ 


1 


2/7 


-5/7 


3 


PV2 


1 


□ * 


1 


□ 


1 


4/3 


1/21 


-2/7 


5 


Pd2 


1 


□* 


1 


□ 


1 


-2/3 


1/21 


-2/7 


5 


Pn2 


1 


□ * 


1 


1 


1 





-2/7 


5/7 


5 


Pe2 


1 


□ * 


1 


1 


1 


-2 


-2/7 


5/7 


5 


Pq3 


1 


1 


□ 


□ * 


□ 


-1/3 


-1/21 


2/7 


5 


Pn 


1 


1 


□ 


1 


□ 


1 


2/7 


-5/7 


5 


-Pus 


1 


1 


□* 


□ 


1 


4/3 


1/21 


-2/7 


4 


Pd3 


1 


1 


□ * 


□ 


1 


-2/3 


1/21 


-2/7 


4 


Pn3 


1 


1 


□ * 


1 


1 





-2/7 


5/7 


4 


Pe3 


1 


1 


□* 


1 


1 


-2 


-2/7 


5/7 


4 



Table A. 4: Preon and anti-preon fields in Model ii) 
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SU{3)c 


SU(2)l 


U{1)y 


U{1)b 


U{1)l 




baryon(xl/A'') 


Qi 
h 


□ 
1 


□ 
□ 


1/3 
-1 


1/3 





1 


7 
7 


P^i Pn 


Di 
Ni 
El 


□* 
□* 

1 

1 


1 

1 
1 
1 


-4/3 
2/3 

2 


-1/3 
-1/3 









-1 
-1 


2 
2 
2 
2 


^ui-^di-^ei-Pni 

p^lphp^lp^l 

p3 p3 p 


Q2 

h 


□ 
1 


□ 

□ 


1/3 

-1 


1/3 





1 


5 
5 


p5 p2 

^Q2 ^£2 


U2 
D2 
N2 
E2 


□* 
□* 

1 

1 


1 
1 
1 
1 


-4/3 
2/3 

2 


-1/3 
-1/3 









-1 
-1 


3 
3 
3 
3 


PhPD2PE2PN2 

2 -f D 2 -Pe 2 -Pn 2 

-Pu2-Pd2-Pe2 

Pu2Pd2-Pn2 


h 


□ 
1 


□ 
□ 


1/3 
-1 


1/3 





1 


3 
3 


p5 p2 
^Q3 3 

Pq3 P£3 


U3 

Dz 
N3 
E3 


□* 
□* 

1 

1 


1 

1 
1 
1 


-4/3 
2/3 

2 


-1/3 
-1/3 









-1 
-1 


4 
4 
4 
4 


PhPB3PE3PN3 
PhPD3PE3PN3 
Pu3Pd3Pe3 
Pu3Pd3Pn3 



Table A. 5: "Baryon" and "anti-baryon" fields in Model ii) 
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SU{3)c 


SU{2)l 


U{1)y 


U{1)b 


U{1)l 


Zs 


mcson(x /A) 




1 


□ 


1 








7 


^'qi^'ui 


$dl 


1 


□ 


-1 








7 


PqiPbi 


Gui 


Ad 


□ 


1 








7 


PqiPvi 


Gdi 


Ad 


□ 


-1 








7 


PqiPdi 


Xi 


□* 


□ 


-1/3 


-1/3 


1 


7 


Pq 1 1 


Xi 


□ 


□ 


1/3 


1/3 


-1 


7 


PnpDi 


Yi 


□* 


□ 


-7/3 


-1/3 


1 


7 


PqiPei 


Yi 


□ 


□ 


7/3 


1/3 


-1 


7 


PnPui 




1 


□ 


1 








7 


PuPni 


(t>di 


1 


□ 


-1 








7 


PeiPKi 


$u2 


1 


□ 


1 











Pq2Pv2 


$d2 


1 


□ 


-1 











Pq2Pu2 


Gu2 


Ad 


□ 


1 











Pq2Pv2 


Gd2 


Ad 


□ 


-1 











Pq2^D2 


X2 


□ * 


□ 


-1/3 


-1/3 


1 





^Q2-f'N2 


X2 


□ 


□ 


1/3 


1/3 


-1 





Pe2PD2 


Y2 


□* 


□ 


-7/3 


-1/3 


1 





-Pq2-Pe2 


Y2 


□ 


□ 


7/3 


1/3 


-1 





^'^2^112 




1 


□ 


1 











-Pf2^^N2 


4>d2 


1 


□ 


-1 











Pe2PE2 


$u3 


1 


□ 


1 








1 


-Pq3-Pu3 


$d3 


1 


□ 


-1 








1 


Pq3Pd3 


Gu3 


Ad 


□ 


1 








1 


Pq3Aj3 


Gd3 


Ad 


□ 


-1 








1 


Pq3Pd3 


^3 


□* 


□ 


-1/3 


-1/3 


1 


1 


-Pq3-Fn3 


^3 


□ 


□ 


1/3 


1/3 


-1 


1 


P(3Pd3 


Y3 


□* 


□ 


-7/3 


-1/3 


1 


1 


-Pq3-Fe3 


Y3 


□ 


□ 


7/3 


1/3 


-1 


1 


Pe3P\J3 


(t)u3 


1 


□ 


1 








1 




^d3 


1 


□ 


-1 








1 


-P^3-Pe3 



Table A.6: "Meson" fields in Model ii) 
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SU{1)h 


SU{-i)c 


SU{2)l 


U{1)y 


U{1)b 


U{1)l 


-L 




□ 


□ 


1/3 


1/3 





Pil 


I 


1 


□ 


1 





-1 


Pvi 


I 


□ * 


1 


-4/3 


-1/3 





Pdi 


I 


□ * 


1 


2/3 


-1/3 





Pni 




1 


1 








-1 


Pei 


1 


1 


1 


2 





-1 


Pq2 


I 


□ 


□ 


1/3 


1/3 





Pe2 


I 


1 


□ 


1 





-1 


P\52 


I 


□* 


1 


-4/3 


-1/3 





Pd2 


I 


□* 


1 


2/3 


-1/3 





Pn2 


I 


1 


1 








-1 


Pe2 


I 


1 


1 


2 





-1 


Pq3 


□ 


□* 


□ 


-1/3 


-1/21 


2/7 


Pn 


□ 


1 


□ 


1 


2/7 


-5/7 




□* 


□ 


1 


4/3 


1/21 


-2/7 




□ * 


□ 


1 


-2/3 


1/21 


-2/7 


Pn3 


□ * 


1 


1 





-2/7 


5/7 


Pe3 


□* 


1 


1 


-2 


-2/7 


5/7 



Table A. 7: Preon and anti-preon fields in Model iii) 





SU{7)h 


su{i)c 


su{i)L 


U{1)y 


U{1)b 


U{1)l 


baryon (xl/A^) 


03 
h 


1 
1 


□ 
1 


□ 
□ 


1/3 
-1 


1/3 





1 


Pb Ph 

P^ Pi3 


Us 

Ds 
Es 


1 
1 
1 
1 


□* 
□* 
1 
1 


1 
1 
1 
1 


-4/3 
2/3 

2 


-1/3 
-1/3 









-1 
-1 


Pv 3 -^D 3 Pe 3 P'S 3 
^U3-Pd3-Pe3^N3 
^U3-Pd3-Pe3 
^U3-Pd3-Pn3 



Tabic A. 8: "Baryon" and "anti-baryon" fields in Model in) 





SU{l)n, 


5[/(3jc 










iiicsou (x 1/A) 


$u3 


1 


1 


□ 


1 








Pq3Aj3 


$d3 


1 


1 


□ 


-1 








PQsPm 


Gu3 


1 


Ad 


□ 


1 








Pq3Pu3 


Gd3 


1 


Ad 


□ 


-1 








Pq3Pd3 


X3 


1 


□ * 


□ 


-1/3 


-1/3 


1 


Pq3Pn3 


X3 


1 


□ 


□ 


1/3 


1/3 


-1 


PnPm 


Y3 


1 


□ * 


□ 


-7/3 


-1/3 


1 


Pq3Pe3 


Y3 


1 


□ 


□ 


7/3 


1/3 


-1 


Pe3Pu3 


4>u3 


1 


1 


□ 


1 








PesP^s 


4>d3 


1 


1 


□ 


-1 








PesPss 



Table A.9: "Meson" fields in Model iii) 
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